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(54) PHASED ARRAY ANTENNA

(57) A phased array antenna (30) in which a plurality
of blocks (2) each having a plurality of transmitter mod-
ules (21) are arrayed, includes: a front plate (1) that in-
cludes a plurality of flow paths of a refrigerant therein;
and an element feeding layer (3) that includes a plurality
of antenna elements respectively connected to the trans-
mitter modules (21) and that is placed in close contact
with one surface of the front plate (1). Each of the blocks
(2) includes a heat spreader (22) that is placed in close
contact with the other surface of the front plate (1). The
transmitter modules (21) are mounted on the heat
spreader (22). Heat generated in the transmitter modules
(21) is transferred to the refrigerant via the heat spreader
(22) and the front plate (1).
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Description

Field

[0001] The present invention relates to a phased array
antenna having a plurality of arrayed antenna elements.

Background

[0002] A general phased array antenna is configured
to include an antenna element, a power-feed circuit, a
transmitter module, and an antenna housing. The gen-
eral phased array antenna also includes a cooling system
that uses a liquid refrigerant and enables a semiconduc-
tor element mounted in an electronic component such
as a transmitter module to stably operate at a specified
temperature or lower.
[0003] In Patent Literature 1, an invention is described
in which transmitter modules are mounted such that a
plurality of the transmitter modules are mounted on a
block and then a plurality of the blocks are attached in
an array to a phased array antenna. In this configuration,
the pipes of the respective blocks are connected to each
other by using a member such as a hose to constitute a
flow path. In order to increase the cooling performance,
a cooling plate is placed near the transmitter modules to
lower the thermal resistance between the transmitter
modules and the refrigerant.

Citation List

Patent Literature

[0004] Japanese Patent Application Laid-open No.
2009-253140

Summary

Technical Problem

[0005] However, with the invention described in Patent
Literature 1 above, because it is necessary to use piping
parts such as a hose and a coupler in order to connect
the pipes of the respective blocks to each other, there is
a disadvantage in that the piping configuration is compli-
cated. Consequently, the invention described in Patent
Literature 1 has a problem in that the pressure loss along
the flow path is high. It is also difficult for the invention
described in Patent Literature 1 to achieve a large cost
reduction and weight reduction of the cooling system be-
cause it is difficult to simplify the piping.
[0006] The present invention has been achieved in
view of the above problems, and an objective of the
present invention is to provide a phased array antenna
with simplified piping for the flow path of the refrigerant.

Solution to Problem

[0007] In order to solve the above problems and
achieve the object, an aspect of the present invention is
a phased array antenna in which a plurality of blocks
each having a plurality of transmitter modules are ar-
rayed. The phased array antenna includes: a front plate
including a plurality of flow paths of a refrigerant therein;
and an element feeding layer including antenna elements
respectively connected to the transmitter modules and
being placed in close contact with one surface of the front
plate. Each of the blocks includes a heat spreader that
is placed in close contact with the other surface of the
front plate, and the transmitter modules are mounted on
the heat spreader. The present invention transfers heat
generated in the transmitter modules to the refrigerant
via the heat spreader and the front plate.

Advantageous Effects of Invention

[0008] According to the present invention, there is an
effect that can simplify piping of a flow path of a refriger-
ant.

Brief Description of Drawings

[0009]

FIG. 1 is a diagram illustrating a configuration of a
phased array antenna according to a first embodi-
ment of the present invention.
FIG. 2 is a diagram illustrating an internal configura-
tion of a front plate of the phased array antenna ac-
cording to the first embodiment.
FIG. 3 is a diagram illustrating a heat-discharge path
from a transmitter module to a refrigerant in the
phased array antenna according to the first embod-
iment.
FIG. 4 is a diagram illustrating a configuration of flow
paths in a front plate of a phased array antenna ac-
cording to a second embodiment of the present in-
vention.
FIG. 5 is a diagram illustrating a configuration of flow
paths in a front plate of a phased array antenna ac-
cording to a third embodiment of the present inven-
tion.
FIG. 6 is a cross-sectional view of the front plate of
the phased array antenna according to the third em-
bodiment.
FIG. 7 is a cross-sectional view of the front plate of
the phased array antenna according to the third em-
bodiment.
FIG. 8 is a diagram illustrating a heat-discharge path
from a transmitter module to a refrigerant in a phased
array antenna according to a fourth embodiment.
FIG. 9 is a diagram illustrating the heat-discharge
path from the transmitter module that is a high-heat-
generating element to the refrigerant in the phased
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array antenna according to the fourth embodiment.
FIG. 10 is a diagram illustrating a structure of a high
thermal-conductivity member of a phased array an-
tenna according to a fifth embodiment of the present
invention.
FIG. 11 is a diagram illustrating a structure of a high
thermal-conductivity member of a phased array an-
tenna according to a sixth embodiment of the present
invention.
FIG. 12 is a diagram partly illustrating a structure of
a heat spreader of a phased array antenna according
to a seventh embodiment.
FIG. 13 is a diagram partly illustrating the structure
of the heat spreader of the phased array antenna
according to the seventh embodiment.
FIG. 14 is a diagram partly illustrating the structure
of the heat spreader of the phased array antenna
according to the seventh embodiment.

Description of Embodiments

[0010] A phased array antenna according to embodi-
ments of the present invention will be described below
in detail with reference to the accompanying drawings.
The present invention is not limited to the embodiments.

First embodiment

[0011] FIG. 1 is a diagram illustrating a configuration
of a phased array antenna according to a first embodi-
ment of the present invention. In a phased array antenna
30 according to the first embodiment, a front plate 1,
which is a cooling plate, has an element feeding layer 3
on its front surface. The element feeding layer 3 is a heat-
generating element having a plurality of antenna ele-
ments. Blocks 2 are fixed within a frame 4 in the form of
a lattice attached to a back surface of the front plate 1.
The blocks 2 are inserted into the frame 4 in the block-
insertion direction indicated by an arrow A.
[0012] Each of the blocks 2 includes a plurality of heat
spreaders 22 arrayed therein. A plurality of transmitter
modules 21 that are heat-generating elements are col-
lectively mounted on each of the heat spreaders 22. The
heat spreaders 22 are made of a material with a high
thermal conductivity. The heat spreaders 22 are attached
to the front plate 1 in the heat-spreader attaching direction
indicated by an arrow B and are arrayed. It is sufficient
that each of the transmitter modules 21 has at least a
transmission function. The transmitter module 21 can be
a transmitter/receiver module that has both a transmis-
sion function and a receiving function.
[0013] By inserting the blocks 2 into the frame 4, each
of the transmitter modules 21 is individually connected
to an antenna element, not illustrated, in the element
feeding layer 3 via a through hole provided in the front
plate 1, and thus the transmitter modules 21 can radiate
an electromagnetic wave through the antenna element.
[0014] A power-supply wire 5, which is a heat-gener-

ating element, is fixed to the frame 4. The power-supply
wire 5 is attached to the frame 4 in the direction indicated
by an arrow C. The power-supply wire 5 is fixed along a
side surface in the lattice, such as a power-supply-wire
fixing surface 52.
[0015] The blocks 2, the element feeding layer 3, and
the power-supply wire 5 are in close contact with the front
plate 1 or the frame 4 via a thermal sheet 6 described
later, grease, or adhesive.
[0016] A manifold 11 is provided on the left side of the
back surface of the front plate 1. A manifold 12 is provided
on the right side of the back surface of the front plate 1.
A refrigerant supplied from an external cooling device
flows through the front plate 1 via the manifolds 11 and
12. Note that it is not necessary that the manifolds 11
and 12 are fixed to the front plate 1. The manifolds 11
and 12 can be provided away from the front plate 1 and
be connected to the front plate 1 with tubes. That is, it is
also possible to employ a configuration in which the man-
ifolds 11 and 12 are omitted and the refrigerant is enabled
to enter to and exit from the front plate 1 directly. An
example of the refrigerant is an ethylene glycol solution.
However, the refrigerant is not limited thereto.
[0017] As described above, the phased array antenna
30 according to the first embodiment includes the plural
blocks 2 arrayed therein. Each block 2 includes the plural
transmitter modules 21. The phased array antenna 30
includes the front plate 1, which has a plurality of flow
paths of the refrigerant therein, and the element feeding
layer 3, which is placed in close contact with one surface
of the front plate 1. The element feeding layer 3 has a
plurality of antenna elements connected to the transmit-
ter modules 21. Each of the blocks 2 includes the heat
spreaders 22 placed in close contact with the other sur-
face of the front plate 1. The transmitter modules 21 are
mounted on each of the heat spreaders 22. The phased
array antenna 30 also includes the power-supply wire 5,
which supplies power to the blocks 2, and the frame 4,
which is placed in close contact with the other surface of
the front plate 1 and separates the blocks 2 from each
other. The power-supply wire 5 is placed in close contact
with the frame 4.
[0018] FIG. 2 is a diagram illustrating an internal con-
figuration of the front plate of the phased array antenna
according to the first embodiment. In FIG. 2, the front
plate 1 is shown and a position at which the frame 4 is
placed is indicated by a broken line. The front plate 1 is
formed from an aluminum material. A plurality of flow
paths 15A, 15B, 15C, 15D, 15E, 15F, 15G, and 15H are
provided in the front plate 1. A refrigerant flowing into the
flow paths 15A, 15B, 15C, 15D, 15E, 15F, 15G, and 15H
from left refrigerant inlet/outlet ports 13A, 13B, 13C, 13D,
13E, 13F, 13G, and 13H passes through the flow paths
15A, 15B, 15C, 15D, 15E, 15F, 15G, and 15H, and exits
from right refrigerant inlet/outlet ports 14A, 14B, 14C,
14D, 14E, 14F, 14G, and 14H, respectively, as indicated
by arrows D. By providing flow paths in and around a
block placement area 25 of the front plate 1, heat gen-
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erated in the blocks 2, the element feeding layer 3, and
the power-supply wire 5 is discharged to the refrigerant.
Although illustrations thereof are omitted in FIG. 2, the
through holes for connecting the respective transmitter
modules 21 to the antenna elements in the element feed-
ing layer 3 are provided at positions that do not corre-
spond with the flow paths 15A, 15B, 15C, 15D, 15E, 15F,
15G, and 15H.
[0019] The front plate 1 can be formed by stacking a
plurality of plates that each has holes formed at positions
corresponding to the flow paths 15A, 15B, 15C, 15D,
15E, 15F, 15G, and 15H.
[0020] FIG. 3 is a diagram illustrating a heat-discharge
path from a transmitter module to a refrigerant in the
phased array antenna according to the first embodiment.
Only a portion of the front plate 1 is illustrated in FIG. 3.
An end surface of the heat spreader 22 with the trans-
mitter modules 21 fixed thereto is in contact with the front
plate 1 via the thermal sheet 6. Further, as illustrated in
FIG. 2, the flow paths 15A and 15B are provided in the
front plate 1 at a position where the blocks 2 are placed.
Heat generated in the transmitter modules 21 is conduct-
ed to the front plate 1 via the heat spreader 22 and the
thermal sheet 6, and it is transferred by the refrigerant
flowing along the flow paths 15A and 15B, as illustrated
in the heat-discharge path indicated by an arrow E.
[0021] Although FIG. 3 illustrates a portion of the front
plate 1 in which the flow paths 15A and 15B are provided,
the heat-transfer paths in the portions in which the flow
paths 15C, 15D, 15E, 15F, 15G, and 15H are provided
are identical to the heat-transfer path in the portion in
which the flow paths 15A and 15B are provided.
[0022] By mounting an electronic component, which
serves as a heat source in each of the transmitter mod-
ules 21, on a substrate at a position close to the front
plate 1, it is possible to reduce the heat transfer distance.
[0023] In the manner described above, the heat gen-
erated in the transmitter modules 21 is conducted to the
refrigerant, and thus the transmitter modules 21 are
cooled.
[0024] Similarly, heat generated in the element feeding
layer 3 is also conducted to the front plate 1 via a contact
surface, and it is transferred by the refrigerant. Heat gen-
erated in the power-supply wire 5 is conducted to the
front plate 1 via the frame 4 and is transferred by the
refrigerant.
[0025] The phased array antenna 30 according to the
first embodiment can indirectly cool the transmitter mod-
ules 21 while retaining cooling capacity for the transmitter
modules 21. Pipe joints are attached to the manifolds 11
and 12, and they do not need to be provided in the re-
spective blocks 2. Therefore, piping can be simplified.
Further, it is possible to reduce the risk of a failure caused
by the refrigerant adhering to the transmitter module 21
during maintenance; therefore, reliability can be im-
proved. Further, it is possible to cool the element feeding
layer 3 and the power-supply wire 5 without a cooling
device being provided which is different from the cooling

device for cooling the block 2.

Second embodiment

[0026] FIG. 4 is a diagram illustrating a configuration
of flow paths in a front plate of a phased array antenna
according to a second embodiment of the present inven-
tion. In FIG. 4, the front plate 1 is shown and a position
at which the frame 4 is placed is indicated by a broken
line. In the front plate 1 of the phased array antenna ac-
cording to the second embodiment, the flow path 15A
includes the left refrigerant inlet/outlet port 13A as an
inlet port and the left refrigerant inlet/outlet port 13B as
an outlet port. The flow path 15B includes the right re-
frigerant inlet/outlet port 14A as an inlet port and the right
refrigerant inlet/outlet port 14B as an outlet port. Further,
the flow path 15C includes the left refrigerant inlet/outlet
port 13C as an inlet port and the left refrigerant inlet/outlet
port 13D as an outlet port. The flow path 15D includes
the right refrigerant inlet/outlet port 14C as an inlet port
and the right refrigerant inlet/outlet port 14D as an outlet
port. Other configurations of the second embodiment are
identical to those of the first embodiment.
[0027] In the first embodiment, the refrigerant flowing
into the flow paths 15A, 15B, 15C, 15D, 15E, 15F, 15G,
and 15H from the left refrigerant inlet/outlet ports 13A,
13B, 13C, 13D, 13E, 13F, 13G, and 13H exits from the
right refrigerant inlet/outlet ports 14A, 14B, 14C, 14D,
14E, 14F, 14G, and 14H. The temperature of the refrig-
erant is lower at the more upstream positions in each of
the flow paths 15A, 15B, 15C, 15D, 15E, 15F, 15G, and
15H, and rises due to the absorbing of heat from the
transmitter modules 21 as the refrigerant flows down-
stream.
[0028] In contrast, in the second embodiment, the re-
frigerant flowing into the flow path 15A from the left re-
frigerant inlet/outlet port 13A passes through the flow
path 15A and reaches the right end of the front plate 1
as indicated by an arrow F, and thereafter passes through
a flow path 15A’, which is folded back and reaches the
left refrigerant inlet/outlet port 13B as indicated by an
arrow G. Finally, the refrigerant flows out from the left
refrigerant inlet/outlet port 13B. The refrigerant flowing
into the flow path 15B from the right refrigerant inlet/outlet
port 14A passes through the flow path 15B and reaches
the left end of the front plate 1, thereafter passes through
a folded-back flow path 15B’ and reaches the right refrig-
erant inlet/outlet port 14B, and then flows out from the
right refrigerant inlet/outlet port 14B. The refrigerant flow-
ing into the flow path 15C from the left refrigerant inlet/out-
let port 13C passes through the flow path 15C and reach-
es the right end of the front plate 1, thereafter passes
through a folded-back flow path 15C’ and reaches the
left refrigerant inlet/outlet port 13D, and then flows out
from the right refrigerant inlet/outlet port 13D. The refrig-
erant flowing into the flow path 15D from the right refrig-
erant inlet/outlet port 14C passes through the flow path
15D and reaches the left end of the front plate 1, there-
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after passes through a folded-back flow path 15D’ and
reaches the right refrigerant inlet/outlet port 14D, and
then flows out from the right refrigerant inlet/outlet port
14D.
[0029] At this time, there is a difference in the refriger-
ant temperature in a portion where the flow path 15A and
the flow path 15A’ are adjacent to each other. The differ-
ence in the refrigerant temperature is greatest in a portion
where the left refrigerant inlet/outlet port 13A and the left
refrigerant inlet/outlet port 13B are adjacent to each oth-
er. Similarly, the difference in the refrigerant temperature
between the flow path 15C and the flow path 15C’ is
largest in a portion where the left refrigerant inlet/outlet
port 13C and the left refrigerant inlet/outlet port 13D are
adjacent to each other. Further, there is a difference in
the refrigerant temperature in a portion where the flow
path 15B and the flow path 15B’ are adjacent to each
other. The difference in the refrigerant temperature is
largest in a portion where the right refrigerant inlet/outlet
port 14A and the right refrigerant inlet/outlet port 14B are
adjacent to each other. Similarly, the difference in the
refrigerant temperature between the flow path 15D and
the flow path 15D’ is largest in a portion where the right
refrigerant inlet/outlet port 14C and the right refrigerant
inlet/outlet port 14D are adjacent to each other.
[0030] Heat generated in the transmitter modules 21
is transferred to the front plate 1, and thus the heat is
conducted to both the refrigerant flowing in the flow path
15A and the refrigerant flowing in the flow path 15A’. In
this case, with regard to heat movement in the heat
spreaders 22 and in the front plate 1, more heat is con-
ducted to the refrigerant in the flow path 15A, which is
lower in temperature. In each of the flow path 15A and
the flow path 15A’, heat can be more easily conducted
to the refrigerant at a more upstream position. The flowing
directions in the flow path 15A and in the flow path 15A’
are opposite to each other, and therefore the block 2 at
the right end of the front plate 1, at which heat is least
likely to be conducted to the refrigerant in the flow path
15A, is located at the most upstream position in the flow
path 15A’, at which heat is most likely to be conducted
to the refrigerant. That is, the block 2 that is less likely to
be cooled by the refrigerant in the flow path 15A can be
more easily cooled by the refrigerant in the flow path 15A’.
Therefore, temperature differences between modules at
the right ends of the flow paths 15A and 15A’ and modules
at the left ends can be made closer than those in the prior
techniques. In the same way, the temperature differenc-
es are closer for the flow paths 15B and 15B’, 15C and
15C’, and 15D and 15D’. Therefore, when compared with
the phased array antenna 30 according to the first em-
bodiment, in which the refrigerant flows in the flow paths
15A to 15H in the same direction, i.e., from left to right,
it is possible to reduce the temperature rise in the trans-
mitter modules 21 placed in the blocks 2, the power-sup-
ply wire 5, and the element feeding layer 3 in a right por-
tion of the front plate 1.

Third embodiment

[0031] FIG. 5 is a diagram illustrating a configuration
of flow paths in the front plate of a phased array antenna
according to a third embodiment of the present invention.
FIG. 6 is a cross-sectional view of the front plate of the
phased array antenna according to the third embodiment.
FIG. 6 illustrates a cross-section taken along a line VI-VI
in FIG. 5. In FIG. 5, the front plate 1 is shown and a
position at which the frame 4 is placed is indicated by a
broken line. In a high-heat-generating-element place-
ment area 27 of the phased array antenna according to
the third embodiment, a part that generates a higher
amount of heat than components fixed to other areas is
fixed to the front plate 1 in close contact therewith. In the
third embodiment, the refrigerant flows, as in the first em-
bodiment, from the left end to the right end of the front
plate 1 as indicated by an arrow H in FIG. 5. In the front
plate 1, cooling fins 16 are provided in portions in the flow
paths 15A, 15B, 15G, and 15H, the portions correspond-
ing to the high-heat-generating-element placement are-
as 27. As illustrated in FIG. 6, the cooling fin 16 has a
shape made up of concave portions and convex portions
and which increases the area of heat transfer in a flow
path. Therefore, the cooling fin 16 can locally improve
the convective heat transfer coefficient of the refrigerant
and can reduce the temperature rise in a high heat-gen-
erating element. FIG. 5 illustrates a configuration in which
a high heat-generating component, such as a power sup-
ply, is placed, instead of a block, in the high-heat-gener-
ating-element placement areas 27 located at four corners
of the placement areas and arrayed in a matrix.
[0032] FIG. 7 is a cross-sectional view of the front plate
of the phased array antenna according to the third em-
bodiment, taken along a line VII-VII in FIG. 5. As illus-
trated in FIG. 7, the width of the flow path 15F is narrower
at a more downstream position. Similarly, the width of
each of the flow paths 15A, 15B, 15C, 15D, 15E, 15G,
and 15H is narrower at a more downstream position. Be-
cause the width of each of the flow paths 15A, 15B, 15C,
15D, 15E, 15F, 15G, and 15H is narrower at a more down-
stream position, the flow rate of the refrigerant increases
and the convective heat transfer coefficient at the more
downstream position is improved. Therefore, it is possi-
ble to reduce the temperature rise in a heat-generating
element placed at a downstream position in each of the
flow paths 15A, 15B, 15C, 15D, 15E, 15F, 15G, and 15H.
[0033] Other configurations of the third embodiment
are identical to those of the first embodiment.
[0034] As described above, in the flow paths 15A, 15B,
15C, 15D, 15E, 15F, 15G, and 15H that are provided in
the front plate 1, the cooling fin 16 is formed in the vicinity
at a position with which a high heat-generating element
is in close contact or the width of the flow path is made
narrower at a more downstream position. With this con-
figuration, it is possible to reduce the temperature rise in
the heat-generating element.
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Fourth embodiment

[0035] FIG. 8 is a diagram illustrating a heat-discharge
path from transmitter modules to the refrigerant in a
phased array antenna according to a fourth embodiment
of the present invention. In the fourth embodiment, the
block 2 illustrated in FIG. 1 is constituted by the thermal
sheet 6, the transmitter modules 21, the heat spreaders
22, and a high thermal-conductivity member 31. The front
plate 1 is not a structure included in the block 2, and only
a portion of the front plate 1 is illustrated in FIG. 8 in order
to explain the structure. FIG. 9 is a diagram illustrating a
heat-discharge path from a transmitter module, which is
a heat-generating element in the phased array antenna
according to the fourth embodiment, to a refrigerant. FIG.
9 illustrates a view taken in the direction of an arrow I in
FIG. 8. The high thermal-conductivity member 31 makes
close contact with a high heat-generating portion 28 of
the transmitter module 21 in order to improve the heat-
discharging efficiency while maintaining the strength of
the heat spreader 22. The high thermal-conductivity
member 31 is formed in an L-shape in order to increase
the area of contact with the thermal sheet 6 and to perform
heat transfer to the refrigerant efficiently. Further, por-
tions of the heat spreader 22 other than the high thermal-
conductivity member 31 are formed from aluminum or
aluminum alloy, i.e., the main structural material of the
heat spreader 22 is aluminum or aluminum alloy.
[0036] An end surface of the heat spreader 22 with the
transmitter module 21 fixed thereto is in contact with the
front plate 1 via the thermal sheet 6. The high thermal-
conductivity member 31 is placed in the vicinity of the
heat spreader 22 so as to make close contact with a
bottom surface of the transmitter module 21. Therefore,
in a heat-discharge path 26B, heat generated in the trans-
mitter module 21 is first conducted to the high thermal-
conductivity member 31, and then conducted to the front
plate 1 via the thermal sheet 6. In the front plate 1, heat
is transferred by the refrigerant in the flow paths 15A and
15B.
[0037] A metal material such as copper or a material
with high thermal conductivity and having thermal ani-
sotropy, such as graphite, can be used as the high ther-
mal-conductivity member 31 locally used to make close
contact with the bottom surface of the transmitter module
21 in the heat spreader 22. The material of the high ther-
mal-conductivity member 31 has higher thermal conduc-
tivity compared with the main structural material of the
heat spreader 22.
[0038] In Patent Literature 1, an invention is described
in which transmitter modules are mounted such that a
plurality of the transmitter modules are mounted on a
block and then a plurality of the blocks are attached in
an array to a phased array antenna. In this configuration,
pipes of the respective blocks are connected to each oth-
er by using a member such as a hose to constitute a flow
path. In order to increase the cooling performance, a cool-
ing plate is placed near the transmitter module to lower

the thermal resistance between the transmitter modules
and a refrigerant. In the phased array antenna of Patent
Literature 1, it is necessary to use many piping parts,
such as a hose and a coupler, in order to connect the
pipes of the respective blocks. Therefore, the piping is
complicated. When a configuration is employed in which,
in order to simplify the piping, each transmitter module
is mounted on a heat spreader and each heat spreader
is placed in contact with a cooling plate having a flow
path of the refrigerant therein , it is necessary that the
thermal resistance from the transmitter module to the
cooling plate is reduced. However in order to reduce the
thermal resistance of the heat spreader, it is necessary
to thicken the heat spreader, which makes it difficult to
obtain satisfactory cooling performance and to achieve
weight reduction simultaneously.
[0039] In the phased array antenna according to the
fourth embodiment, the heat spreader 22 includes the
high thermal-conductivity member 31 that is placed so
as to extend from the portion where the transmitter mod-
ule 21 is mounted to an end surface on the side of the
front plate 1. The high thermal-conductivity member 31
is formed from a material with higher thermal conductivity
than the other portions of the heat spreader 22. There-
fore, heat generated in the transmitter module 21, which
is a heat-generating element, can be more easily con-
ducted to the front plate 1 when compared with a heat
spreader the whole of which is formed from a main struc-
tural material. Therefore, it is possible to achieve weight
reduction by making the heat spreader 22 thinner while
retaining sufficient cooling performance.

Fifth embodiment

[0040] FIG. 10 is a diagram illustrating a structure of a
high thermal-conductivity member of a phased array an-
tenna according to a fifth embodiment. In the fifth em-
bodiment, the high thermal-conductivity member 31 has
one layer of a stacked structure in which graphite mem-
bers having high thermal conductivity in the same in-
plane direction are stacked. The high thermal-conductiv-
ity member 31 is a stacked structure of a plurality of sheet-
like members each of which has higher thermal conduc-
tivity in a plane direction than in a direction normal to the
plane. A portion of the member 31 where the transmitter
module 21 is mounted and an end thereof on the side of
the front plate 1 are connected to each other in the plane
direction of the sheet-like members.
[0041] In FIG. 10, if it is assumed that the high thermal-
conductivity plane of the high thermal-conductivity mem-
ber 31 is a Y-Z plane, then a Y-direction and a Z-direction
are high thermal-conductivity directions 41, and an X-
direction is a low thermal-conductivity direction 42. The
thermal conductivity of graphite is about 1500 W/mK to
2000 W/mK in the high thermal-conductivity direction 41
and is about 5 W/mK to 10 W/mK in the low thermal-
conductivity direction 42.
[0042] The heat-discharge path 26B in the phased ar-
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ray antenna according to the fifth embodiment is config-
ured to first conduct heat of the transmitter module 21 to
the high thermal-conductivity member 31, and then con-
duct the heat to the front plate 1 via the thermal sheet 6,
as in the fourth embodiment illustrated in FIG. 9. There-
fore, in the high thermal-conductivity member 31, the
heat is diffused from the transmitter module 21 in the Z-
direction first, and is then transferred in the Y-direction,
as illustrated in FIG. 10.
[0043] By placing the high thermal-conductivity mem-
ber 31 formed from an anisotropic material with high ther-
mal conductivity, such as graphite, on the contact surface
between the heat spreader 22 and the transmitter module
21, the heat conducting performance is improved when
compared with the heat spreader 22 that uses only a
metal material such as aluminum. By locally placing a
material with a high thermal conductivity and with a small-
er specific gravity for example graphite, when compared
with a metal material in the heat spreader 22, it is possible
to achieve weight reduction while the strength of the heat
spreader 22 is maintained.

Sixth embodiment

[0044] FIG. 11 is a diagram illustrating a structure of a
high thermal-conductivity member of a phased array an-
tenna according to a sixth embodiment of the present
invention. The high thermal-conductivity member 31 of
the phased array antenna according to the sixth embod-
iment has two layers of stacked structures that include
materials having high thermal conductivity in different in-
plane directions, respectively. A first stacked structure
43, which is a first layer, is configured to have a high
thermal-conductivity plane in an X-Z plane. Therefore,
the X- and Z-directions are high thermal-conductivity di-
rections 411, and the Y-direction is a low thermal-con-
ductivity direction 421. A second stacked structure 44,
which is a second layer, is configured to have a high
thermal-conductivity plane in a Y-Z plane. Therefore, the
Y- and Z-directions are high thermal-conductivity direc-
tions 412, and the X-direction is a low thermal-conduc-
tivity direction 422. Accordingly, the high thermal-conduc-
tivity member 31 is a stacked structure of a plurality of
sheet-like members each of which has higher thermal
conductivity in a plane direction than in a direction normal
to the plane. It includes the first stacked structure 43 and
the second stacked structure 44. In the first stacked struc-
ture 43, the plane direction of the sheet-like members
extends in a direction perpendicular to a direction con-
necting, to each other, a portion where the transmitter
module 21 is mounted and an end on the side of the front
plate 1; and the portion where the transmitter module 21
is mounted is included. In the second stacked structure
44, the plane direction of the sheet-like members extends
in a direction parallel to the direction connecting the por-
tion where the transmitter module 21 is mounted and the
end on the side of the front plate 1; and the end on the
side of the front plate 1 is included.

[0045] In order to combine materials with a high ther-
mal conductivity having different stacking directions with
each other, a technique of joining the materials to each
other with a highly thermally conductive brazing material
can be used with graphite. Further, it is possible to join
graphite and a metal member such as a copper plate to
each other by using the same technique. Placement of
the high thermal-conductivity member 31 is identical to
that in the fourth embodiment illustrated in FIG. 8.
[0046] The heat-discharge path in the sixth embodi-
ment is identical to the heat-discharge path 26B illustrat-
ed in FIG. 9, but the flow of heat within the high thermal-
conductivity member 31 is different. First, while being
diffused in the X-direction inside the first stacked struc-
ture 43, heat of the transmitter module 21 is conducted
to the second stacked structure 44, as illustrated in FIG.
11. The heat is then diffused in a direction within the Y-
Z plane inside an L-shaped block that is the second
stacked structure 44, and it is then transferred to a cooling
portion. In this manner, as compared with the fourth em-
bodiment, thermal diffusion in the X-direction can be per-
formed more efficiently and it is possible to further reduce
the temperature rise in the transmitter module 21.
[0047] In the sixth embodiment, a structure in which a
difference in the orientation of the heat conducting sur-
face in the first stacked structure 43 and the orientation
of the heat conducting surface in the second stacked
structure 44 is used in order to efficiently perform thermal
diffusion in the X-direction in the stacked structure. Other
techniques for efficiently performing thermal diffusion in
the X-direction that it is also possible to apply are a tech-
nique of applying a metal member such as a copper plate
to the first stacked structure 43 and a technique of forming
a plating layer such as a copper layer on a surface of the
second stacked structure 44.

Seventh embodiment

[0048] FIG. 12 is a perspective view partly illustrating
a structure of a heat spreader of a phased array antenna
according to a seventh embodiment. FIG. 13 is a partial
cross-sectional view of the heat spreader of the phased
array antenna according to the seventh embodiment tak-
en along a line XIII-XIII in FIG. 12. FIG. 14 is a partial
cross-sectional view of the heat spreader of the phased
array antenna according to the seventh embodiment tak-
en along a line XIV-XIV in FIG. 12. The heat spreader 22
includes a planar heat pipe structure 32. In the seventh
embodiment, it is possible not only to apply the heat pipe
structure 32 locally in the heat spreader 22 but also to
apply the heat pipe structure 32 of any shape entirely in
the internal structure, unlike the fourth to sixth embodi-
ments. The heat pipe structure 32 applied in the heat
spreader 22 has a wick 33 therein. A refrigerant serving
as a working fluid is filled in the wick 33. The wick 33 has
a structure that enables the refrigerant to flow back effi-
ciently by capillary action. It is possible for the wick 33 to
have a structure in which groove-shaped slits extend ra-
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dially from a high heat-generating portion to reach a pe-
ripheral portion of the front plate 1; to be a mesh structure
woven of a material with high thermal conductivity such
as a copper line; or to have a structure including sintered
metal.
[0049] Heat generated in the transmitter module 21 is
conducted to the heat pipe structure 32, and the refrig-
erant in the heat pipe structure 32 is vaporized. The va-
porized refrigerant flows to a portion of the heat spreader
22 on the side of the front plate 1 in a heat-discharge
path 26C, discharges the heat to the refrigerant flowing
in the flow path 15A in the front plate 1 via the thermal
sheet 6, and is liquefied. The liquefied refrigerant flows
to a portion in the heat spreader 22, which is close to the
heat-generating portion of the transmitter module 21, and
the cycle described above is repeated. With this method,
it is possible to efficiently transfer the heat generated in
the transmitter module 21.
[0050] Although the heat pipe structure 32 illustrated
in FIGS. 12 to 14 is hollow, this shape can be changed
to any shape in accordance with required cooling per-
formance and required strength.
[0051] In each of the embodiments described above,
a case of using a phased array antenna is described.
However, the present invention is not limited thereto. The
present invention can be applied to an electronic device
in which a plurality of cards, to which a coolant is supplied
for cooling a mounted electronic component, are mount-
ed therein. The present invention can be also applied to
a technique of cooling electronic components, for exam-
ple, a structure of a housing in which a substrate is mount-
ed. Further, although the refrigerant is an ethylene glycol
solution in the above description, the refrigerant can be
another type of liquid or gas. In addition, although an
example where the material with a high thermal conduc-
tivity is graphite has been described, other material with
high thermal conductivity can be used.
[0052] The configurations described in the above em-
bodiments are only examples of the content of the
present invention. The configurations can be combined
with other well-known techniques, and a part of each con-
figuration can be omitted or modified without departing
from the scope of the present invention.

Reference Signs List

[0053] 1 front plate, 2 block, 3 element feeding layer,
4 frame, 5 power-supply wire, 6 thermal sheet, 11, 12
manifold, 13A, 13B, 13C, 13D, 13E, 13F, 13G, 13H left
refrigerant inlet/outlet port, 14A, 14B, 14C, 14D, 14E,
14F, 14G, 14H right refrigerant inlet/outlet port, 15A,
15A’, 15B, 15B’, 15C, 15C’, 15D, 15D’, 15E, 15F, 15G,
15H flow path, 16 cooling fin, 21 transmitter module, 22
heat spreader, 25 block placement area, 26B, 26C heat-
discharge path, 27 high-heat-generating-element place-
ment area, 28 high heat-generating portion, 30 phased
array antenna, 31 high thermal-conductivity member, 32
heat pipe structure, 41, 411, 412 high thermal-conductiv-

ity direction, 42, 421, 422 low thermal-conductivity direc-
tion, 43 first stacked structure, 44 second stacked struc-
ture, 52 power-supply-wire fixing surface.

Claims

1. A phased array antenna in which a plurality of blocks
each having a plurality of transmitter modules are
arrayed, the phased array antenna comprising:

a front plate including a plurality of flow paths of
a refrigerant therein; and
an element feeding layer including antenna el-
ements connected to the transmitter modules,
respectively, and being placed in close contact
with one surface of the front plate, wherein
each of the blocks includes a heat spreader that
is placed in close contact with the other surface
of the front plate,
the transmitter modules are mounted on the heat
spreader, and
heat generated in the transmitter modules is
transferred to the refrigerant via the heat spread-
er and the front plate.

2. The phased array antenna according to claim 1, fur-
ther comprising:

a power-supply wire to supply power to the
blocks; and
a frame placed in close contact with the other
surface of the front plate to separate the blocks
from each other, the power-supply wire being
placed in close contact with the frame, wherein
heat generated in the power-supply wire is trans-
ferred to the refrigerant via the frame and the
front plate.

3. The phased array antenna according to claim 1 or
2, wherein
the flow paths are folded back in the front plate, and
an inlet port and an outlet port of each of the flow
paths are placed adjacent to each other.

4. The phased array antenna according to any one of
claims 1 to 3, wherein each of the flow paths has a
narrower width at a more downstream position.

5. The phased array antenna according to any one of
claims 1 to 4, wherein the front plate includes a cool-
ing fin in portions of the flow paths in which the blocks
are placed in close contact with the front plate.

6. The phased array antenna according to any one of
claims 1 to 5, wherein
the heat spreader includes a high thermal-conduc-
tivity member that is placed to extend from a portion
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in which the transmitter modules are mounted to an
end surface on a side of the front plate, and
the high thermal-conductivity member is formed from
a material with higher thermal conductivity than other
portions of the heat spreader.

7. The phased array antenna according to claim 6,
wherein
the high thermal-conductivity member has a stacked
structure of a plurality of sheet-like members, each
of which has higher thermal conductivity in a plane
direction than in a direction normal to the plane, and
a portion in which the transmitter modules are mount-
ed and an end on a side of the front plate are con-
nected to each other in the plane direction of the
sheet-like members.

8. The phased array antenna according to claim 6,
wherein
the high thermal-conductivity member has a stacked
structure of a plurality of sheet-like members, each
of which has higher thermal conductivity in a plane
direction than in a direction normal to the plane, and
the stacked structure includes

a first stacked structure in which the plane di-
rection of the sheet-like members extends in a
direction perpendicular to a direction that con-
nects, to each other, the portion in which the
transmitter modules are mounted and an end on
a side of the front plate, the first stacked structure
including the portion in which the transmitter
modules are mounted, and
a second stacked structure in which the plane
direction extends in a direction parallel to the
direction that connects the portion in which the
transmitter modules are mounted and an end of
the front plate, the second stacked structure in-
cluding the end on the side of the front plate.

9. The phased array antenna according to any one of
claims 1 to 5, wherein the heat spreader has a heat
pipe structure.
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